Objective In case of incomplete colonoscopy, several radiologic methods have traditionally been used, but more recently, capsule endoscopy was also shown to be accurate. Aim of this study was to compare colon capsule endoscopy (CCE) and CT colonography (CTC) in a prospective cohort of patients with incomplete colonoscopy. Design Consecutive patients with a previous incomplete colonoscopy underwent CCE and CTC followed by colonoscopy in case of positive findings on either test ( polyps/mass lesions ≥6 mm). Clinical followup was performed in the other cases to rule out missed cancer. CTC was performed after colon capsule excretion or 10-12 h postingestion. Since the gold standard colonoscopy was performed only in positive cases, diagnostic yield and positive predictive values of CCE and CTC were used as study end-points. Results 100 patients were enrolled. CCE and CTC were able to achieve complete colonic evaluation in 98% of cases. In a per-patient analysis for polyps ≥6 mm, CCE detected 24 patients (24.5%) and CTC 12 patients (12.2%). The relative sensitivity of CCE compared to CTC was 2.0 (95% CI 1.34 to 2.98), indicating a significant increase in sensitivity for lesions ≥6 mm. Of larger polyps (≥10 mm), these values were 5.1% for CCE and 3.1% for CTC (relative sensitivity: 1.67 (95% CI 0.69 to 4.00)). Positive predictive values for polyps ≥6 mm and ≥10 mm were 96% and 85.7%, and 83.3% and 100% for CCE and CTC, respectively. No missed cancer occurred at clinical follow-up of a mean of 20 months. Conclusions CCE and CTC were of comparable efficacy in completing colon evaluation after incomplete colonoscopy; the overall diagnostic yield of colon capsule was superior to CTC. Trial registration number NCT01525940.
INTRODUCTION
Optical colonoscopy is the standard method for evaluating the colon. 1 This technique allows evaluation of the entire colon in most patients. Caecal intubation is associated with an increased detection rate of advanced neoplasia, as 33-50% of advanced neoplasia is located in the proximal colon. 2 Despite a recommendation of ≥90% and ≥95% caecal intubation rates in routine clinical practice and in screening colonoscopies, respectively, 3 the actual caecal intubation rate in daily clinical practice is often suboptimal. [4] [5] [6] [7] [8] [9] [10] [11] After an incomplete optical colonoscopy, patients are required to undergo another test in order to exclude clinically relevant lesions to reduce the risk of proximal cancer which has been shown to increase by twofold when colonoscopy was incomplete. 12 Endoscopic and radiological options to complete the colon assessment have been available in the last decades. Multiple alternative endoscopic techniques-such as colonoscopy with thinner colonoscopes, gastroscopes and device-assisted
Significance of this study
What is already known on this subject?
▸ Colonoscopy may be incomplete in 4-15% of patients. ▸ CT colonography (CTC) is the imaging modality of choice in case of incomplete colonoscopy. ▸ Preliminary data suggest that colon capsule endoscopy (CCE) is a feasible and safe tool for colon mucosa visualisation in patients with incomplete colonoscopy without stenosis. ▸ Studies comparing CCE with radiological imaging, and in particular with CTC, are lacking.
What are the new findings?
▸ CCE and CTC are very effective in completing incomplete colonoscopy. ▸ CCE diagnostic yield is superior to that of CTC, when using colonoscopy for positive cases as gold standard. ▸ The superiority of CCE appears mainly to be related with a higher accuracy for 6-9 mm and/ or non-polypoid lesions.
enteroscopes have been described. 13 14 However, none of them has been clearly standardised. Alternatively, double-contrast barium enema (DCBE) has been traditionally used to image the colon after failed or incomplete colonoscopy. However, data from the National Polyp Study Work Group already indicated a disappointing 48% sensitivity of DCBE for ≥10 mm polyps. 15 CT colonography (CTC), 4 16-19 also known as virtual colonoscopy, is a relatively new imaging technique that was first described in 1994. In large randomised trials on symptomatic patients, 20 21 CTC has been shown to be substantially more effective than DCBE-as well as equally effective as colonoscopy -for the detection of large colorectal polyps and alreadydeveloped colorectal cancer. CTC has been also recommended by the American Gastroenterological Society (AGA) as the imaging modality of choice in case of incomplete colonoscopy. 22 Colon capsule endoscopy (CCE) (Given Imaging, Yoqneam, Israel) is a new, minimally invasive, painless, endoscopic technique that is able to explore the colon without requiring sedation, gas insufflation and radiation exposure. Recently, a second-generation CCE has been released that provides a higher frame rate and a larger angle lens. 23 24 Preliminary data suggest that CCE is a feasible and safe tool for colon mucosa visualisation in patients with incomplete colonoscopy without stenosis, being able to guide further workup. [25] [26] [27] CCE has also been recently approved by the Food and Drug Administration (FDA, USA) specifically for a previously incomplete colonoscopy. However, studies comparing CCE with radiological imaging, and in particular with CTC, are lacking. Potential advantages of CCE over CTC are the lack of ionising radiation, the limited availability of CTC due to saturation of the time machine with other indications, and the possibility with CCE to directly visualise colorectal mucosa.
The aim of this study was to compare the performance of CCE and CTC in a prospective cohort of patients with a previously incomplete colonoscopy. Positive cases at any of the two tests were worked up with colonoscopy that acted as gold standard, while negative cases underwent a clinical follow-up.
PATIENTS AND METHODS Study population and study overflow
This is a prospective, single-blinded study that evaluated the role of CCE and CTC in consecutive patients aged 18-75 years, who had an incomplete colonoscopy in our centre-as clinically indicated for any reason-or who were referred to our centre for an incomplete colonoscopy, unless an inadequate preparation and/or the presence of colonic stricture were the reasons for the prior incomplete examination. Exclusion criteria were those previously reported for small bowel capsule enteroscopy, CCE and CTC. 23 24 25 28 17 In detail, patients with dysphagia or any swallowing disorder, congestive heart failure, renal insufficiency, prior abdominal surgery of the gastrointestinal tract (other than uncomplicated procedures that would be unlikely to lead to bowel obstruction), cardiac pacemaker or other implanted electromedical device, allergy or other known contraindication to the medications used in the study; patients expected to undergo MRI examination within 7 days after ingestion of the capsule, with any condition believed to have an increased risk for capsule retention (such as Crohn's disease, intestinal tumours, radiation enteritis, or non-steroidal antiinflammatory drugs enteropathy), women either pregnant or nursing at the time of screening, who intended to be pregnant during the study period, or were of childbearing potential and were not practicing medically acceptable methods of contraception. Patients with unremoved polyps at the incomplete colonoscopy were also excluded, in order to exclude interpretation bias of the study findings. In the enrolled patients, reasons for incomplete colonoscopy and sites reached by conventional colonoscopy were systematically collected. Each subject underwent CCE and CTC on the same day, using the same regimen of preparation. CCE was performed first, while CTC was performed after the natural excretion of colon capsule or 10-12 h postcapsule ingestion at the latest. In the case of ≥6 mm polyp/ mass detection at either CCE or CTC, a second colonoscopy with segmental unblinding was performed within 1 month.
The study was approved by the local institutional ethics board and met all criteria put forth by the Declaration of Helsinki. The protocol was registered in ClinicalTrial.gov (NCT01525940). All participants signed written informed consent before participation in the study.
Patient preparation
Regimen of preparation for CCE and CTC is shown in table 1. Briefly, it consists of the standard regimen of preparation for CCE as previously described, with the inclusion of sodium-amidotrizoate and meglumine-amidotrizoate (75 mL) (Gastrografin, Bayer, Italy) which was added to the sodium-phosphate booster for faecal tagging.
Colon capsule endoscopy
The second-generation Given Diagnostic System (Given Imaging, Yoqneam, Israel) that was used in this trial is the same as previously described. 23 24 Colon cleanliness was graded by using a 4-point scale: excellent (ie, no more than small bits of adherent faeces in the colon), good (ie, small amount of faeces or turbid fluid not interfering with examination), fair (ie, enough faeces or turbid fluid to prevent a reliable examination) and poor (ie, large amount of faecal residue precludes a complete examination). 29 Patients with an excellent or good cleansing were considered having an adequate preparation, while patients with a fair or poor cleansing were considered having an inadequate preparation. Quality of preparation was evaluated for each of the following colonic segments: right colon (including caecum and ascending colon), transverse colon, left colon (including descending colon and sigmoid), and rectum. 29 An overall colon-cleansing grade also was evaluated by using the same grading system. 28 When polyps were diagnosed, they were classified with respect to location, size and morphology ( pedunculated, sessile, flat and depressed). Polyp size was estimated during capsule video reading by using the polyp size estimation tool included in the RAPID software (Given Imaging, Yoqneam, Israel, V.7.0). Other lesions, such as angiomas, diverticula, inflammation and haemorrhoids were also described but not considered for statistical analysis.
All generated CCE videos were reviewed by a physician (CS, CH) who was blinded to CTC results. CCE readers had prior experience with small bowel capsule and colon capsule.
CT-colonography
CTC examinations were performed with a 64-volume computed tomography (VCT) scanner (GE Medical Systems, Milwaukee, Wisconsin, USA). With the patient in the left lateral decubitus position, the colon was gently insufflated using a manual air insufflation device using a lubricated Foley catheter made of silicone, gently placed in the rectum. With the patient in the supine position, an antero-posterior CT scout image was obtained to assess the degree of colonic distension. If adequate colonic distension had not been achieved, air insufflation was repeated according to patient tolerance. All patients were examined by using 1.25 slice thickness, a 64×0.625 mm collimation, 0.5 tube rotation, and 1.0 mm reconstruction interval. Scans were obtained at 50 or fewer effective mA per second. Acquisition time was 6.1 s for each scan. A muscle relaxant was not routinely used. Intravenous contrast medium was not administered. CTC used CT to acquire images and advanced twodimensional (2D) and 3D-image display techniques for interpretation. The CT datasets were postprocessed using commercially available software (Im3D, Torino, Italy).
Adequate procedure for CTC was defined as a proper visualisation of colonic segments which could not have been explored by conventional colonoscopy. The evaluation of the quality of CTC considered different parameters: colonic cleanliness, distension and faecal tagging. Each parameter was considered for the following colonic segments: caecum, ascending, transverse, descending, sigmoid and rectum. Cleansing level, distension and faecal tagging were graded as previously described. 4 An overall colon assessment (adequate vs inadequate) also was indicated. When polyps were diagnosed, they were classified with respect to location, size and morphology ( pedunculated, sessile, flat and depressed). Polyp size was measured on zoomed axial slices, taking into account the largest diameter.
Other lesions, such as diverticula, inflammation and haemorrhoids were also described but not considered for statistical analysis.
Study CTC was performed by experienced CTC readers (BB, FI, AL, GB), who each had undertaken more than 500 CTC examinations with colonoscopy verification, and who were appropriately trained on use of computer-aided detection workstation. CTC readers were blinded to the results of the CCE.
Colonoscopy
After the CCE and CTC procedures, optical colonoscopy was performed only in those patients with a positive result (ie, least one ≥6 mm polyp) at CCE and/or CTC. Thus, colonoscopy acted as gold standard to differentiate between true-positive and false-positive results. Although the physician was aware that the patient had a significant finding, he was initially blinded to the type of result and location of finding detected by CCE and/or CTC. Colonoscopy under general anaesthesia or deep sedation was performed within 1 month after CCE and CTC procedures by two experienced endoscopists (LP and PC). Paediatric colonoscopes, gastroscopes and variable stiffness colonoscopes were used when indicated, according to the normal standard of the Centre. For each colonoscopy, completeness of the procedure was recorded, and colon cleansing level at the different segments was graded by using the 4-point scale similar to the one used for CCE. When polyps were diagnosed, they were classified with respect to morphology ( pedunculated, sessile, flat, and depressed), location (colon segment and distance from anal verge), size (measured in vivo by using open biopsy forceps with an 8 mm length as reference), and histology. In case the finding by CCE and/or CTC was not detected by optical colonoscopy, a segmental unblinding was performed after the colonoscopist read the CCE and/or CTC report.
Clinical follow-up
Combination between CCE and CTC was expected to result into a very high cumulative sensitivity for significant findings (ie, large polyps and already-developed colorectal cancer (CRC)). Therefore, patients with negative results at the two previous tests did not receive a post-test colonoscopy. Since such colonoscopy acted as gold standard for positive cases, we decided to perform a 1-year clinical follow-up in those with negative results at CCE and CTC. Thus, all patients with negative results at both tests were contacted in order to exclude risks of missed cancer.
Statistical analysis
Continuous variables are reported as mean±SD and categorical variables as percentage. A two-sided Student t test was used to compare continuous variables, and the χ 2 test was applied to compare categorical variables. The exact method was used to calculate the CI for the proportions. 30 As only patients testing positive at one of the two tests under evaluation were examined with the gold standard (colonoscopy), we estimated the relative sensitivity and relative false-positive rate and their 95% CI, using the method proposed by Cheng and Macaluso. 31 These two parameters provide a measure of the increase in accuracy associated with preferring one test over the other; p<0.05 indicated statistical significance. The efficacy analysis (findings detected by CCE/CTC) is reported per patient. Statistical analyses were performed with SPSS for Windows software, V.12.0 (SPSS, Chicago, USA).
Study end-points
Primary end-point was the per-patient diagnostic yield (ie, ratio between the number of patients with significant findings and overall patients) of CCE and CTC for ≥6 mm polyps/mass undetected by previously incomplete colonoscopy by using post-CCE/CTC colonoscopy as reference standard. Secondary end-points were: (1) CCE/CTC completion rate; (2) rate of missed cancer at 1-year clinical follow up; (3) level of bowel preparation at CCE/CTC; (4) CCE/CTC safety.
Definition of diagnostic yield
CCE or CTC was reported as positive when at least one ≥6 mm polyp was detected, otherwise it was reported as negative. Diminutive polyps (ie, <6 mm) were not considered an indication for endoscopic polypectomy. At the second colonoscopy, that served as the reference standard,a given polyp was considered as identified by either or CCE and CTC, if it had been assessed within ±50% of the size of the reference standard Endoscopy measure (ie, CCE/CTC vs second colonoscopy) and as appearing within the same colon segment or in adjacent segments. All findings were included in the analysis as follows: (1) findings detected by the CCE but not detected by CTC were marked as CCE new finding; (2) findings detected by the CTC but not detected by CCE were marked as CTC new finding; (3) findings detected by the CCE and CTC were marked as same findings. If CCE and/or CTC was positive, but the case was classified as negative at colonoscopy (confirmed by the unblinding process), it was considered a false positive.
Definition of secondary end-points
For the evaluation of completeness of colonic exploration with CCE and CTC, a complete procedure for CCE and CTC is defined as the visualisation of colonic segments which could not have been explored by conventional colonoscopy. Excretion rate of the colon capsule was also evaluated. Regarding the secondary end-point of CCE completion rate, in cases where the capsule was not excreted or did not reach the rectum during the recording time, in order to minimise the limitation of CCE to define the passage of the capsule beyond the most proximal point reached by colonoscopy, readings were performed by two observers (CS and PC) considering anatomic landmarks, appearance of the lumen and study findings. To further reduce the possibility of error, a third investigator (CH) made the decision in case of disagreement. Missed cancer at clinical follow-up was defined as pathological confirmation of any colorectal lesion diagnosed after the end of study participation.
Sample size
The sample size was calculated with the assumption of noninferiority between CCE and CTC. Prevalence of patients with at least one polyp/mass equal to or larger than 6 mm after an incomplete colonoscopy was assumed to be 10%. 19 Non-inferiority was declared if the estimated difference between the diagnostic yield of CCE and CTC was ≤11%. In order to maintain that hypothesis as well as the type I error (α) of 5% and power (=1−β) of 80%, the required sample size was estimated to be 92 patients. Adding a dropout rate of 5% resulted in a total study size of 97 patients. Diagnostic yield with its 95% CI was calculated according to polyp size.
RESULTS

Study population
One hundred and twenty-eight consecutive patients (86 female, median age 60 years, range 33-75 years) with a previously incomplete colonoscopy performed in our as well as in other centres, and referred for completion of the colorectal examination were prospectively screened from November 2011 to January 2013. Twenty-eight patients were excluded because of inadequate colonic preparation at the incomplete colonoscopy (n=16), refusal to be included in the trial (n=6), Crohn's disease-related inflammatory stricture (n=2), neoplastic stricture (n=2) and presence of unremoved polyps at the incomplete colonoscopy (n=2). Finally, 100 patients (66 female, median age 59 years, range 33-75 years) were prospectively enrolled. A flow diagram with the inclusion and exclusion algorithm is shown in figure 1 . Indication to colonoscopy, reasons for incomplete colonoscopy and the sites reached by conventional colonoscopy are showed in table 2. Two (2%) subjects refused to undergo CTC because of air insufflation and were excluded from the efficacy analysis. One patient was excluded since the presence of a non-excreted capsule in the sigmoid colon caused artefacts precluding an accurate CTC evaluation of the colon. Therefore, a total of 97 subjects who successfully undertook CCE and CTC were included in the efficacy analysis.
Cumulative findings at CCE/CTC
Overall, 26 (27%) patients were diagnosed with at least one ≥6 mm polyp by CCE, CTC or both the procedures. CCE/CTC diagnosis was eventually confirmed in 24/26 (92.3%) patients at second colonoscopy, while two patients with a ≥6 mm polyp detected by CCE (1 patient) or CTC (2 patients) resulted to be false positive. All the 26 CCE-/CTC-positive patients had at least one ≥6 mm polyp in the colorectal segments apparently unseen by the incomplete colonoscopy. Additionally, two of these patients also presented with a ≥6 mm polyp in the already seen segments, apparently being false negatives of the previously incomplete colonoscopy.
Diagnostic yield CCE/CTC
At a per-patient analysis, CCE was the only technique to detect at least one ≥6 mm polyp in 12 patients (all true positives) (figure 2), while CCE and CTC detected at least one ≥6 mm polyp in 13 cases (12 true positives, 1 false positive for both), and CTC was the only procedure to detect a positive finding in 1 patient (false positive) (figure 3). Overall, CCE detected 24 patients (24.5% (95% CI 16.6% to 34.4%)) with at least a ≥6 mm polyp, while CTC detected 12 patients (12.2% (95% CI 6.8% to 20.8%)) with at least a ≥6 mm polyp. The relative sensitivity of CCE compared to CTC was 2.0 (95% CI 1.34 to 2.98), indicating a significant increase in sensitivity for lesions ≥6 mm when using the CCE (tables 3 and 4) .
When restricting the analysis to patients with polyps ≥10 mm, six patients were diagnosed to have at least one polyp ≥10 mm. At a per-patient analysis, CCE was the only technique to detect at least one ≥10 mm polyp in three patients (2 true positives, 1 false positive) (figures 3 and 4) (table 4), while CCE and CTC detected at least one ≥10 mm polyp in three cases (all true positives) (figures 5 and 6). In none of the cases, polyps ≥10 mm were detected only by CTC. Overall, CCE detected five patients (5.1% (95% CI 1.9% to 12.1%)) with at least a ≥10 mm polyp, while CTC detected three patients (3.1% (95% CI 0.8% to 9.3%)) with at least a ≥10 mm polyp. The relative sensitivity of CCE compared to CTC for polyps ≥10 mm was 1.67 (95% CI 0.69 to 4.00). The sensitivity increase with CCE did not reach the level of statistical significance. The diagnostic yield of CCE and CTC for polyps ≥6 mm and ≥10 mm is shown in table 3.
Both the procedures show a high positive predictive value (PPV). In the group of patients with polyps ≥6 mm, the CCE results were confirmed in 24 out of 25 patients (96% (95% CI 77.7% to 99.8%)), while the CTC results were confirmed in 12 out of 14 patients (85.7% (95% CI 56.2% to 97.5%)). The relative false-positive rate of CCE compared to CTC for polyps ≥6 mm was 2.0 (95% CI 0.50 to 8.00) and did not reach the level of statistical significance. In the group of patients with polyps ≥10 mm, the CCE results was confirmed in 5 out of 6 patients (83.3% (95% CI 36.5% to 99.1%)), while the CTC results were confirmed in 3 out of 3 patients (100% (95% CI 31.1% to 100%)). The difference in terms of PPV for polyps ≥10 mm between CCE and CTC did not reach the level of statistical significance.
When analysing the causes of the 12 false-negative cases at CTC after unblinding, in one case the radiologist was able to detect the initially missed >10 mm polyp ( perceptual error), while lesions remained undetectable in the remaining 11 cases. A poor quality of tagging was considered as a possible cause in two of the cases.
Clinical follow-up
All the 74 patients with negative results at CCE and CTC were successfully contacted after a mean of 20 months (range 10-24 months) from the study examinations. No missed cancer was reported.
Completion rate
CCE was complete in 98% of cases. In two out of 100 cases (2%) the CCE procedure was defined as incomplete. In one patient, the capsule delayed in the gut, and the recording stopped when the capsule reached the splenic flexure/descending colon. Due to long-lasting procedure, one patient refused to continue the CCE examination and was disconnected from the data recorder while the capsule was located in the descending colon. In 93 out of 100 patients (93%) the capsule was excreted within 10 h post-ingestion. CTC was complete in 98% of cases. In two out of 98 patients (2%) who underwent the CTC procedure, the evaluation of the colon was defined as incomplete due to a poor distension of the sigmoid colon.
Bowel preparation
The CCE overall cleansing rate was adequate in 83% (CI 74% to 90%) of the cases. The overall CTC quality of the procedure was assessed considering the quality of tagging, distension and cleansing level. In 88 out of 98 patients (90% (CI 82% to 95%)) CTC procedure was considered adequate. No significant Figure 1 Patient's flow chart. difference was observed when comparing the quality of the CCE and CTC procedures.
Adverse events
No CCE-related and/or CTC-related severe adverse events were observed. Once the protocol was completed, after CTC, probably because of air insufflation, one patient experienced very strong pain and lypothymia. The event resolved spontaneously and the patient was discharged. One CCE mild adverse event-related was reported. The patient experienced fatigue, he asked to have the data recorder disconnected and completed the procedure prematurely. The event resolved spontaneously within the same day. Twenty-eight patients experienced adverse events that were reported as related to the colon preparation. They consisted of nausea (n=11), vomiting (n=7), headache (n=6), abdominal pain (n=3) and vertigo (n=1). All the events were classified as mild to moderate, and all spontaneously resolved within the same day.
DISCUSSION
According to our study, in patients with a previously incomplete colonoscopy, CCE can ensure a twofold increase in the diagnostic yield of clinically relevant colorectal neoplasia as compared with that of CTC, without an increase in the proportion of false-positive results. CTC has been extensively evaluated in patients with incomplete colonoscopy. Copel et al 19 published a large, retrospective series of 546 patients who underwent CTC after incomplete colonoscopy. CTC depicted endoscopically non-visualised lesions ≥6 mm in 13.2% of patients. In patients who repeated colonoscopy, per-patient and per-lesion PPVs of CTC for ≥20 mm masses, 10-19 mm polyps and 6-9 mm polyps were 90.9%, 91.7% and 64.7%, and 70%, 33.3% and 30.4%, respectively. Pullens et al, 31 retrospectively evaluated 136 CTCs performed after incomplete colonoscopy. CTC additionally revealed polyps in 11% of patients and a nonsynchronous colorectal cancer in 2.9%. All these results support CTC as the imaging modality of choice in case of incomplete colonoscopy since it allows the evaluation of the non-visualised part of the colon and increases the diagnostic yield of masses and larger polypoid lesions. 19 32 Previous studies, all performed using the first generation of colon capsule, also evaluated the role of CCE or CTC in patients with an incomplete colonoscopy. 26 27 33 Pioche et al 33 for the first time, in a prospective multicenter series of 107 patients (ie, 77 with a colonoscopy failure and 30 with a colonoscopy contraindication), reported a 93% capsule completion rate and a 33.6% CCE diagnostic yield. Alarcon-Fernandez et al 26 evaluated the effects of CCE on medical decision making in patients with incomplete colonoscopy in 34 patients. The authors reported that CCE was able Figure 3 False positive cases. Case 1: a 7 mm polyp detected in the sigmoid by colon capsule endoscopy (CCE) (A and B) and CT colonography (CTC) ((C) axial two-dimensional (2D) CT image and (D), 3D endoluminal view after application of computer-aided detection (CAD)). This polyp was not confirmed by colonoscopy and it was considered a false positive case. Case 2: a 6 mm polyp detected by CTC ((E) coronal 2D CT image 3D endoluminal view and (F), 3D endoluminal view) at the hepatic flexure. This polyp was not visualised by CCE and colonoscopy (CTC false positive). Case 3: a 13 mm lesion detected in the proximal ascending by CCE ((G) and (H)). This lesion was not confirmed by colonoscopy and it was considered a CCE false positive case. to exceed the most proximal point reached by conventional colonoscopy in 85% of patients, and to allow formulation of a specific medical plan in 59% of patients. Recently, Triantafyllou et al 27 studied 75 patients who underwent CCE either immediately after or were rescheduled after incomplete colonoscopy. CCE reached or went beyond the colon segment at which colonoscopy stopped in 91% of patients and detected additional findings in 44% of patients. Data available in literature, thus, homogenously suggest that CCE can be considered as a complementary procedure in case of incomplete colonoscopy, and can yield significant findings. However, the comparison between CCE (using the second generation of colon capsule) and CTC in this group of patients has never been evaluated before the present study.
The findings of our study are relevant for several reasons. First, despite the limited rate of incomplete colonoscopies, the absolute number is substantial, because of the high volume of colonoscopies performed in Western countries. 14 Second, CTC has been generally considered as the first choice after an incomplete colonoscopy, because of its higher sensitivity for colorectal neoplasia as compared with barium enema, and because it may allow complete preoperative staging in case of obstructing colorectal cancer, when intravenous contrast is added. Third, the superiority of CCE over CTC challenges the clinical recommendation of CTC for patients with a previously incomplete colonoscopy, with the exception of those with a colonic stricture. In settings where CCE is already available, the choice between CCE and CTC will depend on local expertise, patient acceptance and economical resources. Fourth, the superiority of CCE appears mainly to be related with a higher accuracy for small and/or non-polypoid lesions (table 4) . This is in line with the suboptimal sensitivity of CTC for such lesions already shown in previous head-to-head CTC colonoscopy series. 16 17 18 34-44 Of note, a more accelerated pathway towards cancer progression has been advocated for these lesions. Fifth, we used as gold standard, the repetition of colonoscopy in positive cases at any of the two initial tests. Thus, the discrimination between truepositive and false-positive cases was highly accurate. Moreover, negative cases at any of the two tests were clinically followed-up for one year, in order to exclude a simultaneous failure of the two tests in identifying a clinically relevant lesion. Sixth, despite CCE excretion rate of less than 95%, its ability to complete a full colonic study is overlapping with CTC performance, although at the expenses of a more demanding bowel preparation. This is due to the fact that the CCE-unexplored colon was in most cases visualised by the previous colonoscopy. Seventh, CTC has already been shown to be superior to barium enema, so that the higher diagnostic yield of CCE over CTC would marginalise the relevance of a comparison between CCE and barium enema. Eight, most of CTC-missed polyps was due to technical rather than to perceptual errors, since only one out of 12 CTC-missed lesions was retrospectively identified in the review process. The findings of our study confirms that both the procedures are very effective in completing incomplete colonoscopy, both being able to properly visualise the colonic segments proximal to the site where colonoscopy failed to reach in 98% of cases. Also when considering the capsule excretion rate, in 93 (93%) of the 100 cases, the capsule was naturally excreted within 10 h post-ingestion. The CCE completion and excretion rates observed in this trial are higher than those observed in previous trials. 23 24 In the present series, a regimen of preparation similar to those previously described 23 24 was adopted. The only difference consists in the inclusion of Gastrografin (Bayer, Italy) which was added to the sodium-phosphate booster for faecal tagging required for CTC. The volume effect caused by Gastrografin might enhance the propulsion of the capsule through the colon, and might have an effect on the quality of colonic preparation also. In this trial, a high rate of good quality examinations was observed, with CCE and CTC adequate overall quality rate of 83% (CI 74% to 90%) and 90% (CI 82% to 95%) of cases, respectively.
There are limitations to the present analysis. First, those without clinically relevant lesions at CCE and CTC did not undergo further colonoscopy, so that it cannot be excluded that these patients could be false negative at both the examinations. This is also the reason for which we preferred to provide our data results as diagnostic yield rather than as accuracy values. However, the double non-invasive approach is likely to have minimised the possibility of false negative results, when considering the relatively high accuracy shown by CCE and CTC in previous studies. Moreover, no missed CRC occurred at 1-year follow up. Second, we adopted as study end-point any ≥6 mm lesion, although there is uncertainty on the exact role of these lesions in CRC carcinogenesis. Third, we failed to show any difference between the two techniques with ≥10 mm lesions. This is likely to be due to the low prevalence of these lesions coupled with the relatively high sensitivity of CTC for these polyps. The low detection rate of large lesions and the very high PPV of the two methods also precluded the possibility to get informative results concerning the relative false-positive rates of the two tests. Fourth, since patients with an incomplete colonoscopy because of inadequate preparation and colonic stricture were excluded, the results of our study are not generalisable to this small subgroup of patients. Fifth, because we did not mark the segment at which colonoscopy stopped by tattooing, it might be difficult to determine whether CCE technically complemented incomplete colonoscopies in those few patients in whom the capsule had not reached the rectum. If CCE is to be used following an incomplete colonoscopy, it might be advisable to tattoo the site reached to objectively identify this point during capsule viewing. However, the high rate of excretion rate and the strict criteria adopted in this trial to define a 'complete' capsule colonoscopy would marginalise this limitation. Sixth, we did not evaluate patient preferences since the same bowel preparation was used for CCE and CTC. A dedicated trial comparing laxative-free CTC with CCE may be useful in order to assess patient experience with both methods. We cannot exclude that a difference in adherence to either examinations might change the final diagnostic yield. Moreover, CCE performance as far as inter-reader and intra-reader agreement was not evaluated. However, preliminary studies performed with the first generation of CCE showed a reasonable interobserver agreement that might be applicable also to the second generation of CCE. 45 Finally, this is a single-centre trial, and additional multicenter trials as well as studies taking into account also the interobserver and intraobserver variability are needed.
In conclusion, we showed that CCE is a highly technically feasible examination for patients with previously incomplete colonoscopy, with a diagnostic yield that is superior to that of CTC.
